In this paper, a new numerical thermodynamic model which bases on the energy conservation law has been used to analyze the free piston Stirling engine. In the model all data was taken from a real free piston Stirling engine what has been built in our laboratory. The energy conservation equations have been applied to expansion space and compression space of the engine. The equation includes internal energy, input power, output power, enthalpy and the heat losses. The heat losses include regenerative heat conduction loss, shuttle heat loss, seal leakage loss and the cavity wall heat conduction loss. The numerical results show that the temperature of expansion space and the temperature of compression space vary with the time. The higher regeneration effectiveness, the higher efficiency and bigger work output. It is also found that under different initial pressures, the heat source temperature, phase angle and engine work frequency pose different effects on the engine's efficiency and power. As a result, the model is expected to be a useful tool for simulation, design and optimization of Stirling engines.
CONCLUSIONS
According this new model, it not only could analyse the performances of Stirling engines as traditional models but also some new results have been acquired. The paper got the result that the expansion space temperature and the compression space temperature changed with the time, however at different initial pressure the temperatures have different changes, the initial pressure is bigger the temperature of expansion space further away the heat source temperature and the temperature of compression space is on the contrary. It is also found that at the different initial pressure, the heat source temperature and engine work frequency pose different effects on the engine efficiency and the output power. It has been found that when the gap δ G = 90 μm, and the phase angle θ = 80°the maximum output work and thermal efficiency can be obtained. The output work increases with the increase of heat source temperature, but the thermal efficiency have different changes with different initial pressure. Through this model, the output work and the thermal efficiency η t of a free piton Stirling engine has been calculated as about 120W and 18%. The temperature, heat power loss and output work are all change with the time. This study offers valuable guides for the design and optimization of free piston Stirling engines with similar construction.
INTRODUCTION
All the time, the isothermal and adiabatic models are used to analyse the Stirling engines. However the isothermal and adiabatic models are both ideal models, it do not take into account the non-isothermal effects, the effectiveness of the regenerator, the main heat losses and the thermal resistance in the heater and cooler. In this study the model is a complete free piston Stirling engine model what includes piston, compression space, cooler, regenerator, heater, expansion space and displacer. Note that the present model takes into account the non-isothermal effects, the effectiveness of the regenerator, the main heat losses and the thermal resistance in the heater and cooler. According this new model, it not only could analyse the performances of Stirling engines as traditional models but also some new results have been acquired. According above numerical model some useful results have been got. Fig.3 shows the output work and efficiency of the isothermal model, adiabatic model and the new model. It can be seen that the isothermal model and adiabatic model don't have big differences on the efficiency and the adiabatic model has bigger output work. In the new model, the output work and the efficiency are 124.56W and 18.36% (the main losses have been considered), respectively. Fig.4 shows the P-V diagrams of expansion space, compression space and the total space, the expansion space circulation is reverse and the compression space circulation is positive. The net output power per cycle of the expansion space > 0 and the net output power per cycle of the compression space < 0.
In this model the temperature varies in the two spaces. The heat source and the heat sink temperature are maintained at 900 K and 300 K, respectively. However, from the Fig.5 the gas temperature in the expansion space is lower than the heat source temperature and varies from 842K to 872 K, on the contrary, the gas temperature in the compression space is higher than the heat sink temperature and varies from 316 K to 330 K. Fig.6 shows the effects of regeneration effectiveness on engine's power and efficiency. It is found that as the regeneration effectiveness increases from 0.6 to 0.95, the work output increases from 57.2W to 155W, and the thermal efficiency increases from 5.4% to 30.2%.The higher regeneration effectiveness, the higher efficiency and bigger work output. Usually the regeneration efficiency is about 0.85. Fig.7 illustrates the effects of heat source temperature on engine's efficiency at different initial pressure. When the initial pressure is 2MPa and the heat source temperature varies from 600K to 1200K, the work output varies from 75W to 162W and the thermal efficiency varies from 19.2% to 17.5%. It can be seen when the initial pressure is 2MPa or 3MPa, the thermal efficiency decreases with the increase of heat source temperature. Fig.8 illustrates the effects of frequency on engine's efficiency at different initial pressure. From the picture a result can be got that at different initial pressure the engine has different optimal frequency. In order to get the maximum efficiency, the initial pressure must base on the engine's frequency. Fig.9 illustrates the effects of phase angle on engine's power and efficiency. When the phase angle is 70°~90°the work output and thermal efficiency get the maximum values. No matter how big the initial pressure is, the optimal phase angle is about 80°. Fig.10 illustrates effects of the gap between piston or displacer and the inner surface of cylinder wall on the shuttle and leakage losses. When the δ GE = δ GC = 90 μm it can get the maximum work output and thermal efficiency. This numerical thermodynamic model has considered some main energy losses when the Stirling engine is running. The loss is given in Fig.1 The heat transfer of a Stirling engine is shown in Fig.2 . In this model, the heater and the expansion space are regarded as a control volume. Then the energy conservation law is applied to the expansion space and the compression space. In the expansion space and compression space the energy conservation equations are as following It is too complicate to get the analytical solution, so the numerical way was used to this model. To satisfy the convergence condition, different schemes were used to discrete the equation. To make sure that the accuracy of the results, in the model ∆ = 10 −6 s.
RESULTS AND DISCUSSION

NUMERICAL
